Introduction
============

Glioblastoma Multiforme (GBM) is the most malignant and common tumor of central nervous system accounting for 40% of all types of brain tumors, among which 15 to 20% are of high grade [@B1],[@B2]. In 2017, more than half of 2607 patients with malignant brain tumor in the United States were diagnosed with GBM. Average survival time of patients with GBM under treatment and untreated patients is equal to 14.6 and 6.9 months, respectively, and the 5-year survival rate with treatment is reported as 9.8% [@B3].

MRI as a non-invasive method is a suitable technique used to diagnosis of GBM tumor providing anatomical visualization of the brain tumor. In MRI images, GBM is seen as ring-enhancing lesions. However, this pattern is not exclusive to GBM and is present in other diseases such as Tumefactive multiple sclerosis, abscess, and metastasis [@B4]. In spite of high contrast of soft tissue in MRI images for GBM tumor site, spatial spread of cerebral malignant cells is not detectable with MR modalities [@B5]. Distinction between healthy and tumoral areas is critical for treatment process including surgery, chemotherapy, or radiotherapy [@B6].

Detailed information of brain tissue is needed to determine precise spatial location of the tumor. Neurological disorders alter concentration of metabolites such as Phosphocholine (Pcho), Creatine (Cr), and N-acetylaspartate (NAA) in brain tissue as well as concentration ratios of like NAA/Cr and Pcho/Cr. Biochemical profile of brain tissue including concentration and proportion of metabolites can be measured by non-invasive Proton magnetic resonance spectroscopy (1HMRS) [@B7].

Using a magnetic resonance imaging system and some hardware arrangements along with a software platform, Magnetic Resonance Spectroscopy (MRS) data can be obtained to calculate brain metabolites. MRS is applicable not only for hydrogen (^1^H) but also on many other nuclei or isotopes like carbon (^13^C), nitrogen (^15^N\]), fluorine (^19^F), sodium (^23^Na), and phosphorus (^31^P). Abundant elements like hydrogen are used in brain imaging [@B8].

The first MRS report on the human brain dates back to 20 years ago [@B9]. MRS has been applied to evaluate various types of brain tumors and has been proven as a part of clinical evaluation of the tumor [@B10]. Einstein *et al* showed that patients with stereotactic radiosurgery have a longer survival for (Pcho/NAA) \>2.1 than standard treatments [@B11]. Deviers *et al* found that concentration ratio of (Lac/NAA)\>=0.4 in voxels prior to radiotherapy could be meaningfully used to predict recurrence of the tumor [@B12].

Haaga *et al* introduced important brain metabolites such as NAA, Pcho, Lactate (Lac), Cr, Glutamic Acid (Glu), and Glutamine (Gln). Among them, the NAA metabolite has a vital importance in neurological diseases, especially brain tumors. They also reported that NAA/Cr and Pcho/Cr ratios in GBM tumor decreased and increased, compared to healthy tissue of the brain, respectively [@B9].

Parra *et al* found that distribution of metabolites such as NAA and Pcho in healthy and tumoral voxels showed a significant difference. On the other hand, concentration of NAA decreased and concentration of Pcho increased in tumoral voxels compared to healthy ones [@B5]. Analyzing MRS data, Crain *et al* found that five ratios of Pcho/Cr, Cr/Pcho, Lac/Pcho, Lac/Lip and Lip/Lac are useful to differentiate between GBM healthy and tumoral voxels [@B7].

Various techniques have been implemented to quantify concentration of metabolites in MRS signals, but quantifications are still accompanied with high variations and big errors [@B13]. Recent studies showed that, seemingly there are unknown metabolites or ratios, which need to be evaluated for GBM tumor using MRS multivoxel data. In this study, such ratios and metabolites were investigated.

Materials and Methods
=====================

General layout of this research is depicted in [figure 1](#F1){ref-type="fig"}.

![The study algorithm](AJMB-12-107-g001){#F1}

Data collection
---------------

Data related to 8 patients with GBM were obtained at Imaging Center of Imam Khomeini Hospital in Tehran, Iran during March 2017 to March 2018. Before scanning, a complete explanation was given to all the subjects and ethical letters of consent were also signed. In addition, the data were obtained based on codes of the Medical Ethics Committee of Kermanshah University of Medical Sciences (Code of Ethics: IR.KUMS. REC.1397.142). Demographic information of studied patients is presented in table below.

In this study, imaging was performed through multivoxel Spectroscopy using a 3-Tesla MRI scanner made by Siemens Corporation. Multivoxel Spectroscopy was used to obtain a high-quality spectrum from a large area [@B14]. The Point-Resolved Spectroscopy \[PRESS\] imaging protocol was used with following parameters: TE=135 *ms*, TR=1570 *ms*, and 1024 data points.

Magnetic field shimming was automatically performed before obtaining data. Long TE used for data collection in this study has several advantages over short TE: 1) in long TE, peak of lactate and alanine is better detectable than that of the fat compared to short TE and 2) NAA peak is distinguished from Glx (Glu or Gln) and the base line distortion reduces as well [@B15]. Tagging and regionalization of tumoral and non-tumoral regions were performed using MRI data of the subjects by a radiologist at Imam Reza Hospital in Kermanshah, Iran.

Pre-processing
--------------

For pre-processing of the data, MRS range of imaging was determined using SIVIC; an open-source, standards-based software framework and application suite for processing and visualizing Digital Imaging and Communications in Medicine (DICOM), MR Spectroscopy data processing, and visualization. The MR image was subsequently overlaid on the MRS. Finally, the target region was determined ([Figure 2](#F2){ref-type="fig"}).

![A sample of MRI image in SIVIC software in which the border of the tumor region at the time of imaging is determined as yellow box. Each green tagged square represents a voxel. The amount of each metabolite corresponding to each voxel is extracted in subsequent steps.](AJMB-12-107-g002){#F2}

The MRS signal obtained from device is a sinusoidal transient signal consisting of unwanted signals such as water signal, baseline signal, and residual signal (noise). The main signal received was defined as: $$\text{S}\left\lbrack \text{t} \right\rbrack = \text{Met}\left\lbrack \text{t} \right\rbrack + \text{w}\left\lbrack \text{t} \right\rbrack + \text{Res}\left\lbrack \text{t} \right\rbrack$$ Where, S represents received signal, Met represents metabolites signal, w is water signal, and Res is residual signals including noise and other things.

The baseline signal originates from macromolecules, appearing at early stages in signal samples, and then rapidly disappears. The background signal is smooth. Like other MR imaging techniques, various artifacts such as Poor Shimming, Phasing Errors, and Chemical shift displacement influence Res signal quality [@B16],[@B17]. The main goal of pre-processing stage is finding signal of metabolites among the main signal and quantify metabolites with acceptable accuracy. For this reason, since levels of metabolites in brain tissue is much lower than water, water signal, which is 10,000 times larger than other metabolites [@B18] must be suppressed. In the present study, water suppression was done with a frequency of 45 *Hz*. [Figure 3A](#F3){ref-type="fig"} illustrates this step of pre-processing process.

![A) MRS signal information in a voxel before water suppression. As indicated, the high peak is related to water signal. The size of other metabolites is affected by the presence of water peak. The most important step in preprocessing phase is the removal of water signal. B) the signal obtained after the removal of the water peak. As each metabolite has a definite profile, the concentration of the metabolites is obtained from the peaks of this signal.](AJMB-12-107-g003){#F3}

Since the baseline signal has an undesirable effect on amount of other metabolites, to accurately calculate these values, the baseline signal should be reduced from the signal after water suppression ([Figure 3B](#F3){ref-type="fig"}).

Processing
----------

The Pcho, NAA, Cr, Lac, Gln, Glu, NAAG, Taurine (Tau), and Glycine (Gly) signals were selected as reference signals, since in TE=135 *ms*, the mentioned metabolites are measurable [@B14]. A sample of reference signals is displayed in [figure 4A](#F4){ref-type="fig"}. Tarquin software fits (matches) the signal obtained from pre-processing stage with each reference signal individually [@B19]. By fitting the signals, the model's signal is obtained-the area below model curve for each metabolite is equal to its levels [@B19]. Fitting in Tarquin software was performed using LC model algorithm [@B19]. [Figures 4B and 4C](#F4){ref-type="fig"} show software output after fitting. The area below the model diagram was calculated using Trapezoidal numerical integration method in Mathematics toolbox of MATLAB software.

![A) The baseline signal progonates from macromolecules. B) NAA signal selected as reference. C) Signal fitting is aimed at getting model signal from which concentration of metabolites can be calculated. The green curve shows the modeled signal.](AJMB-12-107-g004){#F4}

Statistical analysis
--------------------

Normal distribution of quantitative data was evaluated for two types of voxels by Kolmogorov-Smirnov test. Normal distribution of data was analyzed by Independent Samples T-test and non-normal distribution was assessed by Mann-Whitney U test. Pearson test was used to determine probable correlation of data in patients' voxels. Finally, sensitivity and specificity of significant analytes were determined by drawing the ROC curve. In all calculations, level of significance was determined to be p\<0.05. To run statistical analysis for calculated levels from previous stage, SPSS software version 16 was used.

Results
=======

In this study, 5 male and 3 female ([Table 1](#T1){ref-type="table"}) patients with GBM were studied by MRS test, and a number of 170 tumoral and 205 normal voxels were analyzed. Given total number of normal voxels and total number of all voxels, levels of Cr, Glu, NAA, NAAG, and Gly/Tau ratio in healthy voxels were significantly higher than tumoral voxels (p=0.005, p=0.03, p\<0.001, p\< 0.001, and p=0.041, respectively; [Table 2](#T2){ref-type="table"}). In contrast, levels of Gly, Gln, Tau, Lac/Cr, Pcho/Cr, Pcho/NAA, Lac/NAA, and Gln/Glu ratios in tumoral voxels were significantly more than healthy voxels (p=0.001, p= 0.037, p\<0.001, p=0.010, p\<0.001, p\<0.001, and p= 0.024, respectively; [Table 2](#T2){ref-type="table"}). However, levels of Lac and Pcho had no significant difference in the two types of voxels ([Table 2](#T2){ref-type="table"}). Results of correlation analysis between different biochemical parameters in tumoral voxels are shown in [table 3](#T3){ref-type="table"}. Finally, numerical values of sensitivity and specificity of different tests in detecting tumoral *vs*. normal voxels showed that Pcho/Cr had the highest diagnostic value with Area Under Curve (AUC) of 0.915 (sensitivity 83.3% and 97.1% specificity). The second suitable test was Pcho/NAA with AUC of to 0.879 (sensitivity 94.4% and 70.6% specificity). Third suitable test was NAAG with AUC of 0.845 (sensitivity 90.9% and 82.4% specificity) ([Table 4](#T4){ref-type="table"}, [Figure 5](#F5){ref-type="fig"}).

![A) ROC curve for brain metabolites that were increased in tumor voxels. B) ROC curve for brain metabolites that were decreased in tumor voxels.](AJMB-12-107-g005){#F5}

###### 

Information of the patients studied and the number of normal and tumoral voxels for each patient

  **Case number**   **Sex**   **Age**   **Number of scan**   **Normal voxel**   **Tumoral voxel**
  ----------------- --------- --------- -------------------- ------------------ -------------------
  1                 M         31        21                   32                 49
  2                 M         33        19                   34                 30
  3                 F         73        18                   21                 4
  4                 F         68        20                   39                 42
  5                 M         13        48                   12                 13
  6                 F         38        18                   4                  5
  7                 M         74        54                   5                  4
  8                 M         37        24                   58                 23

###### 

The main MRS analysed parameters of tumor and normal voxels

  **Parameter**                              **Statistical Information**   **Tumor Voxel (n = 170)**    **Normal Voxel (n = 205)**   **p-value**
  ------------------------------------------ ----------------------------- ---------------------------- ---------------------------- -------------
  **Creatine (Cr)**                          Mean±SD                       45243.8±40989.9              56784.1±25570.4              0.005
  **Phosphocholine (Pcho)**                  Median (IQR)                  62577.9 (37197.7--78336.9)   52713(35942.1--70079.7)      NS
  Range                                      383--382873                   3145--188266                                              
  **Glutamic Acid (Glu)**                    Median (IQR)                  13597 (9052.4--24418.5)      18002.6 (9811.4--33567.7)    0.030
  Range                                      1089--152550                  2750--98338                                               
  **Glutamine (Gln)**                        Median (IQR)                  10588.4 (3343.03--19059.5)   6886.6 (4034.05--12181.6)    0.037
  Range                                      2--142141                     379--71261                                                
  **Glycine (Gly)**                          Median (IQR)                  11248 (5406.1--19704.3)      8065.3 (4565.7--12307.8)     0.001
  Range                                      310--747186                   272--78921                                                
  **Gln/Glu Ratio**                          Median (IQR)                  0.43 (0.24--1.21)            0.30 (0.17--0.79)            0.024
  Range                                      0.00--8.85                    0.00--6.33                                                
  **Lactate (Lac)**                          Median (IQR)                  8433.90 (4092.6--12953)      7113.60 (3294.8--15763)      NS
  Range                                      270--85124                    190--77207                                                
  **Lac/Crea Ratio**                         Median (IQR)                  0.15 (0.08--0.37)            0.12 (0.05--0.25)            0.01
  Range                                      0.01--9.09                    0.01--1.72                                                
  **Pcho/Crea Ratio**                        Median (IQR)                  1.58 (1.18--2.39)            0.94 (0.74--1.17)            \<0.001
  Range                                      0.04--7.34                    0.31--2.82                                                
  **N-Acetylaspartate (NAA)**                Median (IQR)                  28954 (12760--57837)         57739.8 (28379.4--77123)     \<0.001
  Range                                      2067--98759                   2010--124864                                              
  **Pcho/NAA Ratio**                         Median (IQR)                  1.95 (1.21--4.93)            0.93 (0.67--1.32)            \<0.001
  Range                                      0.01--30.92                   0.16--29.29                                               
  **Lac/NAA Ratio**                          Median (IQR)                  0.21 (0.11--0.52)            0.13 (0.05--0.25)            \<0.001
  Range                                      0.01--6.41                    0.01--1.88                                                
  **N-Acetylaspartylglutamic acid (NAAG)**   Median (IQR)                  22160.7 (13330.5--44833)     50257.7 (28116--69125.1)     \<0.001
  Range                                      1900--193971                  865--130222                                               
  **Taurine (Tau)**                          Median (IQR)                  7144.4 (3408.4--12455.7)     4911.05 (2635.6--6744.3)     \<0.001
  Range                                      447--272522                   51--32593                                                 
  **Gly/Tau Ratio**                          Median (IQR)                  1.21 (0.81--2.18)            1.85 (1.16--3.85)            0.041
  Range                                      0.31--102.66                  0.08--70.86                                               

NS: Nonsignificant.

###### 

Significant correlations between different parameters of Tumor voxels

  **Parameter**                        **Statistic index**                   **Pcho**   **Glu**   **Gln**   **Gly**   **Gln/Glu**   **Lac**   **Lac/Cr**   **Pcho/Crea**   **NAA**   **Pcho/NAA**   **Lac/NAA**   **NAAG**   **Tau**
  ------------------------------------ ------------------------------------- ---------- --------- --------- --------- ------------- --------- ------------ --------------- --------- -------------- ------------- ---------- ---------
  **Cr**                               r [^a^](#TFN3){ref-type="table-fn"}   0.755      0.732     0.589     0.729     NS            NS        NS           −0.451          0.714     −0.26          −0.368        0.563      0.261
  P[^b^](#TFN4){ref-type="table-fn"}   \<0.001                               \<0.001    \<0.001   \<0.001                                     \<0.001      \<0.001         0.019     0.001          \<0.001       0.031      
  **Pcho**                             r                                     1          −0.264    NS        0.799     0.384         −0.314    −0.444       NS              0.341     NS             −0.271        NS         NS
  P                                    0.031                                            \<0.001   0.002     0.007     \<0.001                 0.002                        0.030                                             
  **Glu**                              r                                     \-         1         0.668     0.405     NS            0.403     0.402        −0.344          0.234     NS             NS            0.712      NS
  P                                                                          \<0.001    \<0.001             \<0.001   0.001         0.006     0.045                                  \<0.001                                 
  **Gln**                              r                                     \-         \-        1         0.393     0.337         0.628     0.294        NS              NS        NS             0.258         0.230      NS
  P                                                                                     \<0.001   \<0.001   \<0.001   0.008                                                0.025     0.015                                   
  **Gly**                              r                                     \-         \-        \-        1         0.312         NS        NS           NS              0.440     NS             NS            0.222      0.728
  P                                                                                                         0.009                                          \<0.001                                  0.036         \<0.001    
  **Gln/Glu**                          r                                     \-         \-        \-        \-        1             0.368     NS           NS              NS        NS             NS            NS         NS
  P                                                                                                         0.001                                                                                                            
  **Lac**                              r                                     \-         \-        \-        \-        \-            1         0.702        NS              NS        NS             0.307         0.269      0.429
  P                                                                                                                   \<0.001                                              0.004     0.005          \<0.001                  
  **Lac/Cr**                           r                                     \-         \-        \-        \-        \-            \-        1            NS              NS        NS             0.265         0.235      0.515
  P                                                                                                                                                                        0.025     0.034          \<0.001                  
  **Pcho/Crea**                        r                                     \-         \-        \-        \-        \-            \-        \-           1               −0.524    0.451          0.389         −0.309     NS
  P                                                                                                                                           \<0.001      \<0.001         0.002     0.005                                   
  **NAA**                              r                                     \-         \-        \-        \-        \-            \-        \-           \-              1         −0.539         −0.426        0.375      0.304
  P                                                                                                                                                        \<0.001         \<0.001   \<0.001        0.021                    
  **Pcho/NAA**                         r                                     \-         \-        \-        \-        \-            \-        \-           \-              \-        1              0.607         NS         NS
  P                                                                                                                                                                        \<0.001                                           
  **Lac/NAA**                          r                                     \-         \-        \-        \-        \-            \-        \-           \-              \-        \-             1             NS         NS
  P                                                                                                                                                                                                                          
  **NAAG**                             r                                     \-         \-        \-        \-        \-            \-        \-           \-              \-        \-             \-            1          0.303
  P                                                                                                                                                                                  0.009                                   

NS: Non significant;

r coefficient;

p-value.

###### 

Diagnostic value analysis for significant different data between tumor and normal voxel

  **Parameter**   **AUC**   **Cut-off**   **Sensitivity (%)**   **Specificity (%)**
  --------------- --------- ------------- --------------------- ---------------------
  **Cr**          0.727     50456         72.7                  70.6
  **Glu**         0.476     11975         54.5                  47.1
  **Gln**         0.291     4585          44.4                  23.5
  **Gly**         0.381     4540          83.3                  23.5
  **Gln/Glu**     0.435     0.279         66.7                  23.5
  **Lac/Cr**      0.544     0.083         66.7                  44.1
  **Pcho/Cr**     0.915     1.34          83.3                  97.1
  **NAA**         0.759     43397         72.7                  76.5
  **Pcho/NAA**    0.879     0.926         94.4                  70.6
  **Lac/NAA**     0.650     0.847         88.9                  50
  **NAAG**        0.845     32059         90.9                  82.4
  **Tau**         0.690     0.409         83.3                  44.1
  **Gly/Tau**     0.674     1.14          81.8                  70.6

Discussion
==========

In this study, for the first time, diagnostic value of detectable metabolites in long TE was investigated by simultaneous analysis of several analytes in a combination of healthy and tumoral voxels. Our results showed that, levels of Cr, Glu, NAA, NAAG, and Gly/Tau ratio in healthy voxels were significantly higher than tumoral voxels. In contrast, levels of Gly, Gln, Taurine, Lac/Cr, Pcho/Cr, Pcho/NAA, Lac/NAA, and Gln/Glu ratios in tumoral voxels were significantly higher than healthy voxels.

Different biochemical analytes have a diagnostic application in various diseases. A biomarker is a biochemical molecule measured by definite protocol to determine a pathologic process or responses to a therapeutic agent [@B20].

Kinoshita Y *et al* [@B21] reported that, concentrations of choline-containing compounds, inositol, alanine, Gly, and phosphorylethanolamine increased in glioblastoma with respect to degree of malignancy. In particular, they detected a large amount of Tau in medulloblastoma. However, they found that total Cr concentrations decreased in nonneuroectodermal tumors. Similarly, we detected lower amounts of Cr and higher concentrations of Tau in tumor voxels rather than normal ones.

Consistent with our results, Righi *et al* showed higher levels of Gly in tumor biopsies than the controls. Additionally, Gly levels significantly increased in brain metastases and GBM biopsies [@B22].

Different studies reported that higher activity of serine hydroxymethyltransferase or deficiency of hypoxanthine--guanine phosphoribosyltransferase in the gliomas tumor cells leads to high Gly levels. Even increased glycine peak is a differentiating agent for differentiation of glioblastoma from metastatic lesions [@B15].

Moreover, increased Tau is seen in medulloblastoma, pituitary microadenoma and metastatic renal cell carcinoma. In the retinoblastomas, retina has the highest levels of Tau due to its high affinity transport system [@B15]. While, we found significant decreased ratio of Gly/Tau in tumor voxels rather than normal voxels. More studies are needed to determine role of both metabolites in glioblastoma.

However, Cr levels reduce about 15--40% in glial tumors or meningotheliomatous meningiomas. Also, in brain metastases, total Cr content is significantly lower compared to neuroectodermal tumors [@B15]. Cr is an important cellular energy metabolism metabolite. Despite of its stability in some pathological reactions influencing central nervous system, it typically decreases in glioblastoma and astrocytomas [@B15],[@B23]. Possibly, higher metabolism of tumor cells leads to a decrease in the Cr levels.

Preul *et al* showed that, signal intensities of lactate, NAA, Cr, and alanine can be applied in determining various grades of glioma [@B24]. Our results showed that, NAA levels decreased in tumoral voxels compared to normal ones. NAA as the second most abundant amino acid in the brain markedly decreases or is absent in malignant or benign tumors involving axonal loss. Apparently, absence of NAA biosynthetic enzyme (aspartate N acetyltransferase) in brain tumors is main cause of NAA signal loss [@B15].

NAA is one of the most abundant amino acid derivatives in the brain and is considered as a source of metabolic acetate in brain cells. Levels of both NAA and NAAG decreased in glioma tumors. It is assumed that NAA hydrolysis provides high levels of acetate molecules used for lipogenesis in glioma tumor cells [@B25].

Lower levels of NAAG were found in tumoral voxels rather than normal voxels. This molecule is formed in neurons from NAA by adding glutamate residue and is degraded only in astrocytes. Both NAA and NAAG have important role in cell-specific glial signaling. They are important in function and development of brain, regulation of interactions of brain cells, maintenance of nervous system, and even as a neurotransmitter in CNS acting as a partial agonist of N-methyl-d- aspartate receptors. NAAG has an essential role in glial cell metabolism. In addition, NAAG aciduria has been detected in Canavan disease as neurodegenerative disease [@B26],[@B27]. Recently, a study suggested that astrocytes, oligodendrocyte progenitor cells, and neural stem cells could all serve as the cell of origin for glioblastoma occurrence [@B27]. Probably, decreased level of NAAG has a causative metabolic and signaling effect on glioblastoma development.

Simultaneously, lower levels of glutamate and higher levels of glutamine were found in tumoral voxels compared to normal voxels. In this line, NAAG can also serve as a cellular storage for glutamic acid. On the other hand, Glu is converted into Gln returning to neurons by astrocytes [@B26]. This reaction may lead to decreased Glu levels and increased Gln levels.

Furthermore, a part of Glu enters to Krebs cycle *via* converting to α-ketoglutarate for ATP production [@B28]. Increased level of Gln in glioblastoma is possibly due to higher energy demand of tumor cell [@B29] and higher activity of glutamine synthase. Apparently, increased uptake of glutamine and its changing to glutamate is an important process in highly proliferated tumor cells [@B30].

Our results showed that Pcho level was the same between tumoral and normal voxels. Nevertheless, two different studies have reported that, Choline Kinase in several brain tumors is overexpressed and increased choline peak reflects increased cell membrane synthesis, turnover, and integrity [@B15]. Nelson *et al* indicated that an increase in the choline and a decrease in the NAA is so important to determine spatial extent of metabolic abnormality and consequent tumor activity 31. Similarly, another study revealed a significant decrease in the NAA signal intensity in diaschitic cerebellar hemisphere and an insignificant decrease in the choline and Cr signal intensities.

Possibly, increased levels of choline are associated with cell proliferation, while NAA is a marker for density and viability of neurons [@B32]. More studies are required to clarify exact role of choline changes in tumor metabolism.

In our study, lactate levels of both tumoral and normal voxels were similar. However, increased rates of lactate production were reported. Also, lactate level was found to be associated with a range of tumors and tumor grade or tumor metabolic activity. In this line, lactate peak was found to be usually absent in low -grade brain tumors. It increases in high-grade primary brain tumor [@B15]. Likely, this difference may be due to differences in ethnicity or our small sample size.

Different reduced or increased ratios of glioblastoma biomarkers have pivotal role in diagnosis. In another study [@B33], in recurrent glioma tumor, Pcho/NAA and Pcho/Cr ratios were significantly higher than in radiation injury. However, NAA/Cr ratio was lower in recurrent glioma tumor than in radiation injury. Besides, in radiation injury, Pcho/Cr and Pcho/NAA ratios were significantly higher compared to normal-appearing white matter, and NAA/Cr ratio was lower in radiation injury than in normal-appearing white matter.

Tumoral voxels in our study were found to have higher NAA/Pcho compared to normal voxels, which is consistent with some studies [@B23],[@B32],[@B34],[@B35]. Pcho/NAA has been described as suitable biomarker of tumor prognosis and monitoring of treatment response. Similarly, Bulik *et al* illustrated that in recurrence glioblastoma at N-acetylaspartate ≤1.5 *mM*, Pchoe/N-acetylaspartate ≥1.4, both sensitivity and specificity were equal to 100 and 91.7%, respectively [@B34].

Receiver operating characteristic analyses performed in the present study for assessment of NAA/Pcho ratio revealed that at 0.922 as cut-off, AUC was equal to 0.879 and sensitivity and specificity were equal to 94.4 and 70.6%, respectively. Ratai *et al* reported lower AUC in tumor (AUC=0.83) and higher AUC in peritumoral regions (AUC=0.95) [@B23]. However, Tomas *et al* 32 reported on Pcho/NAA ratio with highest significant sensitivity and specificity for glioblastoma recurrence (AUC=0.993; sensitivity of 100.0% and specificity of 94.7%). Furthermore, they reported on Pcho/Cr ratio with a weak sensitivity and specificity (74.6 and 63.2%, respectively; AUC=0.691) [@B32]. In contrast, our results demonstrated that, assessment of Pcho/Cr ratio was the best test for differentiation between normal and tumoral voxels. It had AUC equal to 0.915 at 1.34 as cut-off with 83.3 and 97.1% as sensitivity and specificity, respectively. Nevertheless, Ando *et al* [@B36] reported that, despite of significant higher ratio of Pcho/Cr in cases with residual/recurrent tumors than in non-neo-plastic lesions; at point of 1.5 as cut-off, its sensitivity and specificity was equal to 64 and 83%, respectively. Presumably, this difference in sensitivity and specificity results of AUC is related to different technical details and differences in studied sample size.

Finally, in a systematic review, seven studies were reviewed including a total of 261 patients with high -grade glioma [@B37]. Analysis showed that in peritumoral tissue pooled sensitivity/specificity of Pcho/NAA and Pcho/Cr ratio were equal to 0.85/0.93 and 0.86/0.86, respectively. Likewise, Pcho/NAA ratio had higher value of AUC and higher specificity rather than Pcho/Cr ratio in peritumoral region. They suggested that Pcho/NAA ratio of peritumoral region should be applied to increase accuracy of MRS to differentiate high-grade gliomas from metastases.

Ratai *et al* [@B23] reported that, Lac/Cr ratio in tumor was an important negative predictor of 6-month progression free survival. They also demonstrated that poorer outcome was associated with higher Lac/Cr. (AUC=0.79) [@B23]. Our results indicated that, Lac/Cr ratio AUC was equal to 0.544, showing this index is weaker biomarker for glioblastoma rather than Pcho/NAA.

There were some limitations in our study. Following up the patients was not possible because, they often did not refer again to the center. In addition, sample size of the study was small. However, the subjects were selected during 18 months. Certainly, similar studies in larger scale and with larger sample size could be useful for better determination of ^1^H-MRS power to detect GBM.

Conclusion
==========

In summary, results of the current study showed that, compared to patients with glioblastoma with ^1^HMRS, Pcho/Cr and Pcho/NAA ratios, and NAAG are most important and useful parameters to differentiate between tumoral and normal voxels. Further studies are needed to determine ^1^H-MRS ability to differentiate brain tumor region from healthy one.
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